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Identification and characterization of a sulfur-oxidizing bacterium
B1-1 isolated from the sediment of marine cage culture area
CHEN Xiao-Hong"

2083

(Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Fujian Collaborative

Innovation Center for Exploitation and Utilization of Marine Biological Resources, Fujian Fishery Research Institute,
Xiamen, Fujian 361013, China)

Abstract: [Background] Marine cage culture is a high-density and high feeding artificial breeding
method. Sulfide pollution in marine cage culture environment seriously restricts the economic
benefits and sustainable development of aquaculture. [Objective] The identification and analysis of
the oxidation characteristics of sulfur-oxidizing bacterium B1-1 from the sediment of marine cage
culture area, is to provide theoretical basis for sulfide pollution control of sediment in the marine
cage culture area. [Methods] The species of strain B1-1 were identified by a variety of methods
including Gram staining, plate colony morphologic observation, morphological characteristics
research, 16S rRNA gene sequence analysis and the molecular phylogenetic tree construction. The
optimal culture conditions (pH, temperature, substrate concentration, additional carbon and nitrogen
source, and metal ion) for the oxygenation of strain B1-1 were determined. [Results] Strain B1-1 was
Gram-negative, short rod and identified as Halothiobacillus hydrothermalis (GenBank accession
number: KU362926). The optimal culture conditions for strain B1-1 in the shaking flasks were pH
8.0, 30 °C, and substrate concentration 5.0 g/L. The additional carbon source did not change the
oxidation ability of strain B1-1. With the additional ammonium salt, such as ammonium sulfate and
ammonium oxalate, the delay period could be shortened to 12 h. Besides, the addition of Mg®* could
significantly improve oxidation ability of strain B1-1, the oxidation rate could reach 100%.
[Conclusion] Based on the high haloduric ability and the high ability of oxidation rate of the sodium
thiosulfate, Halothiobacillus hydrothermalis B1-1 is of potential in the fields of bioremediation of
polluted marine cage culture area.

Keywords: Cage culture, Halothiobacillus sp., Identification, Thiosulfate, Sulfur-oxidizing characteristics
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LRFESI N 0.4 glL, DAFERHEFRINNIIE, A4l
2 AT Fi 2% R R AR, FHJC A NaOH
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MR, B 2 AT HE 2%AY R R AR T
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150 r/min FEIREEFE . MG 12 h PEEFR
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I 3 4L LIZE /K B MR K I SE R B 7R 3, I
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T 2 FAT. i 2% BRI AR P, G
NaOH ¥ pH #& % 8.0, F 28 °C. 150 r/min $&K
Figt. 40 12 h MERSRRH 04" MM
1.6 A ®E

S,04% e Ji R AR 1 I s . A IR

1 Bl-1
Figure 1 Morphological characterization of strain B1-1
TE: A: Bk BL-1EKK; B: H40i TEM .
Note: A: Colony of strain B1-1; B: TEM micrograph of B1-1 cell.
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Halothiobacillus kellyi®®*, ZAHF5E % Eitk B1-1 1
16S rRNA EL[H (1 465 bp) 47l 5y, JF 315
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100
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2.3 WEMEFE
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ak-A o)
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Jo, DTG TH B PRI X A A s, T e i 1]
FEK; B)hh pH (A%, MR S,057 S AbHAR,
XA RS FH T RR YL W A5 A0 B A R PR B i
medk, WAARREER, 1P AT, 2% (1
SR %2 W), Halothiobacillus hydrothermalis

— B1-1 (KU362926)

99

100

L Hatothiobacillus hydrothermalis (NRO25943)
Thioalkalibacter halophifus (NR0O44406)
| Halothiobacilius neapolitanus (NR104929)

——
0.02

L tatothiobaciilus neapolitarnus (NRO74679)

100 ,—?hiom.fcrospr'f‘c.v Jrisia (NRO28679)
L Thiomicrospira crinogena (NR0U74329)

2 ¥k B1-1 &F 16S rRNA EEFFIRIRMEME R E L B

Figure 2 Phylogenetic tree of strain B1-1 based on the 16S rRNA gene sequence

T SRR 16S rRNA B EJFFI7E GenBank HE 5 433045 s 724 Bootstrap {85 AR RASEURE A #EALIR .

Note: Numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of the strain; The numbers
on the branches refer to bootstrap values; Bar (0.02) represents sequence divergence.
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t (h)

B3 FE#E pH XE#k B1-1 1L S,0,° 4 h &0
Figure 3 Influence of different intial pH value on the
$,052 oxidation ability of strain B1-1
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El 4 FREHEFBEXE BL-1 & S,0.7 86 hRIFME
Figure 4 Influence of different temperature on the S,052
oxidation ability of strain B1-1
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S0 WIS AL Z 43k 100% . 81.4%, 4K
36 h; JEYIHE N 7.5, 10.0 g/L I}, EALRSHN
53.1%. 39.6%, LI 48 h,

AL UL, YR E<10.0 /L I, Mk BB
Xt S,05° MR A EALRBAR . — i, IR %,
TEEHE AT T R e RIRE I, [RIA 8%
FRW pH IR — S T S,04° AL,
IR YIARETE BRI, BB AR RA%; 75—,
YD, BRS04 AT IR A AL, (HAREE
SOl R RUE Y E KR TR ERE . ik, EEAIRY
e ORI AT LA MR B1-1 B KTk, AT
DU KRR M AR ALY . SEIR s R AR B1-1
& E R Y E M 5.0 g/l ) NayS,03-5H,0, #H24
F 20 mmol/L 114 S,05% .
234 AERGRIE B1-1 §UEAFES 2 A S0

AFAE IR R, R B1-1 ASRESAR]
WA, FLE . BRI TR RA K. B 6
IR R RIS [R5 T Bk B1-1 4804k S,05° RE 11

6.0

- 25¢/L
—— 5.0 g/L
- —-—75¢gL
B 0r —=—10.0 g/L
Ba
y W -

0 12 24 36 48 60 72 84 96
1 (h)

5 REEMREX B B1-1 & S,0.” RE N HIE I
Figure 5 Influence of different substrate concentration on
the S,052" oxidation ability of strain B1-1
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t(h)
6 TREIBEME% B1-1 E1k S0, BE H A9
Figure 6 Influence of different carbon source on the
S,04°" oxidation ability of strain B1-1
oM AMIEIATHE . 220 RN TEMRISEIRA ,
i 96 h J5 S,05° ALK 51 M 86.4%. 86.2%.
84.6% ., 82.8%, XfHA41N 85.7%, W] WLZERERIE; SR
TR IR TR B1-1 4k S,057 IsemifA
W, R TER BL-1 JELEILAE A TR AL
AW, BN IN—E A PUERIE I AR AR K
AL S,05° . ABFITLER LI, HLbri A LR WA
BIERAT Y T, tepidarius® L2 4% (1 2R MY,
I DRI SRR AR A W &, b 25D HR
Fmi i A i PRI R BL-1 (SR A mm il
CO,, i HICHFHAWIEA SN I 1
235 AEFEIFEXE BL-1 EUFRERERE A0S0
K7 B AR AR Fk B1-1 %4k
S,05% RESIHRIREAN . AR HLXT AL, S A
SUE s A AN [R) e 2 R R i e 2 A A3 435l
h 83.6%., 84.1%, SEHF IR R 12 h; HAMRA
AL 85.5%, AT 24 h; AEERENZEFIXT AY
AT RN 80.3%. 85.7%, FEMHAI N 36 h.,
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—o— Ammonium oxalate

2 20k —o—Control

& —a—Sodium nitrate

4 ——Peptone

C, 1.0t

w

0.0

B 7 FREIFREXE BL-1 S S,07 88 RIS
Figure 7 Influence of different nitrogen source on the
S,04°" oxidation ability of strain B1-1
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FIH. EaMEFER R gk a5
RIS IR R LB, WS — S YR EE I Sk 1R
R AT A SR RRR AR K . ARSEIS 25 L
BHNIS I — 2 B (B R B . R T A 4 e 4
W, PR EARRE S, HARR I b ekl K
DN IR P T B S — A BRI 9T o
2.3.6 AEEBEFMg*. Ca”. K3t E#k B1-1
SUFRFER AT

FSCILE RERH, 16 LL NaCl+Z848 K B it
KRG, 0-40 g/L %) NaCl #2235t FEl iy
ik Bl-1 B FLBREERERIRE T . NIRE
BRI K R BT AP R Na B =i i ik B1-1 44k
BARERERER A BE ST, T T AR SE5 . WKl 8 iR,
A EE X BEZH (AN N BRI /K ) 86.1% 484k K, I
Mg® IS A S,05° AL R, 15 100%; i
W ca® . KU SE 4 A AL RN 4.5%
12.6%. A UL, 7ELL NaCl+zE 488 K U B /K it ik
Tl R, U — 5 B M R LU e B Ak doe K
AR IR L, T Ca”* . KX kAL
03 TRE T

WP I PR TS R B R, TSI W I
Mo™ T IE BER B AL LR K, TS Mg™ &

3.0

Q 2.0+ —o— Magnesium ion
&b —a— Potassium ion
A —— Calcium ion
S:” 1.0 —a— Aged secawater

48 60 72 84 96
t (h)

0.0

0 12 24 36

8 AEEEBEFXEHK BL-1 & S,0:” fE N HIE I
Figure 8 Influence of different metal ions on the S,03%
oxidation ability of strain B1-1
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TR AR A o JBE R A 2 TP 7 T T 45 SR
B, A DB FIEE B 1 10 S EAE T AT LUK R S T 5
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3 WiE%it

(1) ASBIFFE N FE TR 58 TR ERSE i 18t — ok
HATESR A mU AT ER RE T Y TRE B1-1, £ 16S
rRNA LD 81 [ I, 458 HIB BRFIEAA:
HURRAE , B0 A % % @ K Halothiobacillus
hydrothermalis,

(2) % Halothiobacillus hydrothermalis B1-1 4
AR R EL AT SE R, itk B1-1 A4
B RiE pH i 8.0, fid A KIRJE 30 °C, fiid
I N 5.0 o/l @ik CO,, AN
IR SALRE ) JC R, AN (PR L B 7R
B ) AT LUK AR ) AR R SE R AR A 2 12 hy FELL
NaCl+Z& 18 K U R o K i BE it s 7 B vp oS
Mg? 1T LB S R AR AR RE J1, S,05° A fb %R
5 100%, BH U BRI K 0 6] HE21.(86.1%)
R H B4R 18 # BE A Ak B M, Halothiobacillus
hydrothermalis B1-1 HA7 B & mi ke )1, M
FAFRFH IR A WG 52 07 T B AV R I (B
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